The present study was carried out with the aim of determining the effects of storage temperature and storage position on embryonic mortalities in ostrich eggs. A total of 229 ostrich eggs was collected from two commercial ostrich farms. The effects of storage temperature on embryonic mortality differed. Embryonic deaths (totalled for early, medium and late incubation) were determined at respectively 28.6, 32.0, 42.9% in groups of eggs from stored immediately after collection for seven days at 16 °C, 21 °C and 25 °C. Embryonic mortality was not affected by storing eggs for one week at 16 °C in either the vertical position (with the aircell at the top, or the aircell at the bottom) or the horizontal position. The percentage of embryonic mortalities was 25.8, 26.7, 24.1 for the different storage positions, respectively. These results indicate that ostrich eggs must be stored at 21 °C or less after collection to maximise hatchability and that embryonic survival is not affected by storing position.
Introduction
Egg storage conditions prior to incubation can influence hatchability and are thus of considerable concern to commercial hatchery enterprises (Butler, 1991) . Environmental conditions including storage time, temperature, humidity, gaseous environment and orientation of the eggs influence ostrich egg hatchability (Meijerhof, 1992; Mellett, 1993) . Ostrich eggs are normally stored for up to a week before being artificially incubated. At the start and end of the season, however, storage may be even longer in order to ensure that sufficient eggs are available (Deeming & Ar, 1999) . Storage conditions should be sufficiently cool to prevent embryonic development during this period. For most birds, the critical temperature for the initiation of embryonic development appears to be about 25-27 °C (Drent, 1975) . Optimum incubation conditions should be applied for the proper development of the ostrich embryo. One of the most important conditions is temperature. The absolute minumum temperature for blastoderm development in ostrich eggs is not known precisely. Van Schalkwyk et al. (1999) have shown that there is still some development at 20 °C. However, the minimum temperature for ostrich embryonic development (the "physiological zero") is usually assumed to be 21 °C (Horbanczuk, 2002) . On ostrich farms, storage temperatures may vary from 17 °C to 30 °C, depending on storage facilities. Apart from storage time and temperature, the position of eggs during storage may affect hatchability. Traditionally, eggs are stored in the small-end-down position before incubation (Mayes & Takeballi, 1984) . However, very little research has been conducted on the effect of storage position on the hatchability of ostrich eggs. The present study was conducted to determine the effect of storage position and storage temperature conditions on embryonic mortalities in ostrich eggs.
Material and Methods
This research was carried out on two different commercial farms. On each farm, ostrich eggs were collected for usage as trial material. The nests of the ostriches were checked 2-3 times a day and eggs were transferred to a storage room. The initial egg weights were found to be similar for the two trials.
Trial 1 (Farm A): Storage Temperature Conditions
The eggs were collected and marked. Eggs were then allocated randomly to three treatments. Eggs were stored for seven days. Since the size of the commercial ostrich breeding flocks was small, the number of eggs collected daily was limited. Therefore, each treatment was replicated six times with 5-7 eggs constituting a replication, depending on the numbers of eggs available. A total of 105 eggs was used in this trial.
The South African Journal of Animal Science is available online at http://www.sasas.co.za/Sajas.html Eggs were kept at 40% relative humidity during storage. After storage for seven days, the eggs were incubated in a Masalles 2600-I incubator for 38 days at a temperature of 36.5 °C and 30% relative humidity. The eggs were turned every hour through an angle of about 45°. On the 14 th day of incubation infertile eggs were identified by candling, and removed from the incubator. The eggs were candled again on the 38 th day of incubation. Those exhibiting embryonic mortality were identified, discarded and opened to determine the age of the embryo at death. Viable eggs were transferred to a hatcher (Masalles 1300-N) maintained at 36 °C and 40% relative humidity until hatching. Infertility and embryonic deaths were recorded individually and totalled for batches of eggs. Infertility was calculated as a percentage of eggs set and embryonic deaths as a percentage of fertile eggs within batches.
Trial 2 (Farm B): Storage Position
Eggs were stored for seven days at 16 °C and 40% relative humidity before incubation. Each treatment was replicated eight times. The eggs were placed in trays, which were turned once each day through an angle of 90°. A total 124 eggs was used in Trial 2. Treatments were as follows;
• Long axis horizontal • Vertical position with the aircell at the top • Vertical position with the aircell at the bottom Before storage, the position of the aircell was determined by candling the eggs with a 3 volt torch, and the position of the aircell was marked with a pencil. Incubation procedures and the recording of infertility and embryonic deaths were as described in Trial 1. Data were analyzed by analysis of variance according to a complete design, using Duncan's multiple range test to compare treatment means (Minitab, 1989) .
Results and Discussion
The effect of storage temperature on hatchability is presented in Table 1 . Embryonic mortality was affected (P < 0.05) by storage conditions. Embryonic mortality was higher in the group of eggs stored at 25 °C immediately after collection than in the other two groups (P < 0.05). Acceptable hatching performance was found in ostrich eggs stored immediately after collection at 21 °C or less for seven days. This corresponds with the observation of Deeming & Ar (1999) , who suggested that the hatchability of ostrich eggs stored at room temperature (mean 20 °C) for up to seven days was not reduced by the length of storage. They also recommended that for best hatching, storage temperature should be lowered as storage time is extended. However, the functional effects of different storage conditions on the embryo and hatchability are not fully understood in ratite eggs (Meijerhof, 1992; Deeming, 1997) .
Many researchers have reviewed the effects of storage time on the hatchability of ostrich eggs (Wilson et al. 1997; Ar & Gefen, 1998; Badley, 1998; Nahm, 2001 ). Deeming (1996) found that for 12-14 days of storage, hatchability of fertile eggs was only 50%, and thus associated with high early mortality. Wilson et al. (1997) found a similar decline in hatchability. The best hatchability was obtained for ostrich eggs stored at 15 °C for 4-6 days. However, Gonzalez et al. (1999) found that ostrich eggs could be stored at 18 °C for South African Journal of Animal Science 2003, 33 (1) © South African Society for Animal Science 40 10 days without hatching being impaired. Similarly, Kocan (1993) stated that the prestoring of ostrich eggs for 10-12 days gave hatching results similar to those stored for five days or less.
The combined data suggest an interaction between storage temperature and storage time. Kirk et al. (1980) found that chicken eggs stored for two days hatched better when stored at 18 °C than at 15 °C, whereas the opposite was true for eggs stored for eight days. However, long-term storage appears to be most successful at or near 12 °C (Funk & Forward, 1960) . Mayes & Takeballi (1984) concluded that the shorter the storage period, the higher the storage temperature required for maximum hatchability. Deeming (1993) , suggested that for ostrich eggs stored for up to seven days, a temperature of 16-18 °C is appropriate, while for eggs stored for longer than a week the temperature should be kept at approximately 13 °C. Badley (1998) found that eggs stored at 21 °C for 13-18 days had a very poor hatchability compared to eggs stored for less than four days. Laing (1992) suggested temperatures from 18 to 20 °C, on condition that the storing time does not exceed four days. In addition, Horbanczuk (2000) determined that the temperature at which eggs are stored for a period not exceeding seven days may range from 12 to 18 °C. The latter author also found that the hatchability of fertile eggs stored at 12 °C, 15 °C, 18 °C was similar and ranged from 78.9 to 80.7%. Van Schalkwyk et al. (1999) showed that storage temperature was a key factor in determining embryonic viability and found that embryonic mortality was lower at a storage temperature at 17 °C than at 25 °C. This result is consistent with ours.
In addition, temperature during storage is directly related to albumen quality changes, which are related to these time and temperature dependent effects (Brake et al., 1993) . Goodrum et al. (1989) reported that albumen pH increased rapidly when eggs were stored at high temperatures. The most important effect of albumen quality appears to be on early embryonic mortality (Brake et al., 1993) .
In the wild, ostrich adults are capable of incubating up to 22 eggs per nest (Bertram, 1979) . Oviposition in ostriches is approximately at two day intervals. The eggs laid early in a nest thus typically remain in the nest for two to three weeks before being incubated naturally (Bertram & Burger, 1981) . All eggs in a clutch hatch at the same time. The first eggs in the clutch have the highest quality albumen and retains its desirable physical properties for a longer period than the last eggs and is thus more resistant to high temperatures (Brake et al., 1994) . The conditions of egg storage in the wild would be more harsh (exposed to the sun). Nevertheless, hatching success of eggs in the wild is considerably higher than that found with artificial incubation (Bertram & Burger, 1981) . For artificial incubation of ratite eggs, Brake et al. (1994) advocated the adjusting of storage time and conditions, and incubation conditions according to hen age, stage in laying season, albumen quality and the incidence of early embryonic mortality.
The mean hatchabilities of eggs stored in different positions are given in Table 2 . The mean fertility percentages in this trial were unaffected (P > 0.05) by egg position during storage. Embryonic mortalities were indepent (P > 0.05) of storage position. 1 -Vertical position with the aircell at the top 2 -Vertical position with the aircell at the bottom 3 -Long axis horizontal
The position of chicken eggs during storage has been reviewed extensively. The small-end-down position was suggested to help maintaining the aircell in its original position and provides the highest rate of survival of embryos. However, it was reported that hatchability was improved when chicken eggs were stored with their pointed-ends up (Proudfoot, 1969; Mayes & Takeballi, 1984; Butler, 1991; İpek et al., 1997) . Mayes & Takebelli (1984) suggested that the small-end-up position may be beneficial because it keeps the yolk near the centre of the albumen and thus gives the dormant embryo greater protection from dehydration and adhesion to the inner shell membrane. However, Van Schalkwyk et al. (1999) found that egg position (either aircell at the top, aircell at the bottom or the egg in a horizontal position) did not affect
